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General. Chemicals and solvents were purchased from Sigma Aldrich and used without further 
purification. (R)-3,4-Cbz-Dbu(Boc)-OH (?-amino-GABA turn) and (R)-2,4-Fmoc-Dbu(Boc)-OH (?-
amino-GABA turn) were purchased from Peptides International. Kaiser oxime resin (100-200 mesh) 
and benzotriazole-1-yl-oxy-trispyrrolidinophosphonium hexafluorophosphate (PyBOP) were purchased 
from Novabiochem. Custom DNA oligonucleotides were purchased from Integrated DNA Technologies. 
The Bind-n-Seq degenerate 21mer was synthesized using machine mixing and purified via standard 
desalting. TaqPro Complete (2.0 mM Mg2+; 2x) was from Denville.  Streptavidin M-280 Dynabeads 
were purchased from Invitrogen. Centrifugation was performed in a Beckman Coulter bench-top 
centrifuge (Allegra 21R) equipped with a Beckman swing-out rotor (model S4180). Preparative HPLC 
purification was performed on an Agilent 1200 Series instrument equipped with a Phenomenex Gemini 
preparative column (250 x 21.2 mm, 5μm) with the mobile phase consisting of a gradient of acetonitrile 
(CH3CN) in 0.1% CF3CO2H (aqueous). Analytical HPLC analysis was conducted on a Beckman Gold 
instrument equipped with a Phenomenex Gemini analytical column (250 x 4.6 mm, 5μm), a diode array 
detector, and the mobile phase consisting of a gradient of MeCN in 0.1% CF3CO2H (aqueous). 
Polyamide concentrations were measured by UV analysis on a Hewlett-Packard model 8453 diode 
array spectrophotometer in distilled and deionized water (ddH2O) with a molar extinction coefficient (?) 
of 69,500 M-1cm-1 at ?max of 310 nm. Matrix-assisted, LASER desorption/ionization time-of-flight 
(MALDI-TOF) mass spectrometry was performed on an Applied Biosystems Voyager DE-Pro 
spectrometer using ?-cyano-4-hydroxycinnamic acid as the matrix.  
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Primer sequences for Bind-n-Seq method (referenced in procedure in main text): 
 
Bind-n-Seq 93mer: 
5?-ACA CTC TTT CCC TAC ACG ACG CTC TTC CGA TCT AAA AAN NNN NNN NNN NNN NNN NNN 
NNT GAT CGG AAG AGC TCG TAT GCC GTC TTC TGC TTG-3? 
• All barcoded Bind-n-Seq 93mers were synthesized by Integrated DNA Technologies (IDT) using 
machine mixing, standard desalting purification. 
• Barcode in red/bold (AAA, AAC, AAG, etc), 3-letter barcodes used as reported in Zykovich et 
al.1  
 
Primer 1: 
5?-CAA GCA GAA GAC GGC ATA CGA GCT CTT CCG ATC -3? 
• Used in initial primer extension reaction. 
• Synthesized by IDT, purification by standard desalting. 
 
Primer 2: 
5?-AAT GAT ACG GCG ACC ACC GAG ATC TAC ACT CTT TCC CTA CAC GAC GCT CTT CCG ATC 
T-3? 
• Used in PCR amplification reaction. 
• Synthesized by IDT, purification by standard desalting. 
 
Primer 3: TruSeq reverse 1 (ATCATG): 
5?-CAA GCA GAA GAC GGC ATA CGA GAT CGT GAT GTG ACT GGA GTT CAG ACG TGT GCT 
CTT CCG ATC TCA AGC AGA AGA CGG CAT ACG A-3?  
• Used in PCR amplification reaction. 
• Synthesized and PAGE purified by IDT. 
• TruSeq barcode in red/bold. 
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Polyamide synthesis. Polyamides 1-7, and 9-10 were synthesized on Kaiser oxime resin 
(NovaBiochem, 100-200 mesh), using microwave-assisted PyBOP coupling conditions and N-
methylpyrrole (Py) and N-methylimidazole (Im) amino acid monomers and oligomers as described 
previously.2, 3 (R)-3,4-Cbz-Dbu(Boc)-OH and (R)-2,4-Fmoc-Dbu(Boc)-OH  were purchased from 
Peptides International. Polyamide 8 was synthesized on ?-PAM resin as described previously.4, 5 All 
polyamides were cleaved from resin using neat 3,3’-diamino-N-methyl-dipropylamine, precipitated with 
Et2O, and redissolved in 20% CH3CN:H2O with a minimal amount of DMF to aid solubility prior to 
purification by reverse-phase HPLC. All molecules were then i) coupled to PEG4-biotin and ii) 
deprotected at the ?–turn moiety to give polyamides 1-10 (procedure below). A synthetic scheme is 
provided on page S25 of the Supporting Information. 
ImPyPyPy-(R)?-NH2?-ImPyPyPy-(+)-PEG2-Biotin (1) 
A solution of ImPyPyPy-(R)?-Cbz?-ImPyPyPy-(+)-triamine (3.3 μmols) and EZ-Link NHS-PEG4-Biotin 
(10.0 μmols, Thermo Scientific) in DIEA and DMF was allowed to stand at 23 °C for 1 hr. The reaction 
was precipitated with Et2O (7 mL), cooled at -20 °C for 10 minutes, and isolated by centrifugation. The 
precipitated product was solubilized in 1 mL of 9:1 CF3CO2H: CF3SO3H with sonication. The reaction 
was allowed to stand for 5 minutes, diluted with diluted with 4:1 CH3CN:H2O (5 mL) and purified by 
reverse-phase HPLC. Lyophilization of the purified material yielded 1 (1.6 μmols, 48% yield over two 
steps). MS (MALDI-TOF) cald’d for C78H106N25O16S [M+H]
+ 1682.8, found 1683.1. 
CtPyPyIm-(R)?-NH2?-PyImPyPy-(+)-PEG2-Biotin (2) 
Prepared as described for 1. Polyamide 2: MS (MALDI-TOF) cald’d for C80H110N25O16S2Cl [M+H]
+ 
1774.8, found 1774.8. 
ImPyPyIm-(R)?-NH2?-PyImPyPy-(+)-PEG2-Biotin (3) 
Prepared as described for 1. Polyamide 3: MS (MALDI-TOF) cald’d for C77H107N26O16S [M+H]
+ 1683.8, 
found 1683.5. 
Im?ImPy-(R)?-NH2?-Im?ImPy-(+)-PEG2-Biotin (4) 
Prepared as described for 1. Polyamide 4: MS (MALDI-TOF) cald’d for C70H104N25O16S [M+H]
+ 1582.8, 
found 1583.2. 
ImImPyPy-(R)?-NH2?-PyPyPyPy-(+)-PEG2-Biotin (5) 
? ???
Prepared as described for 1, substituting 99:1 CF3CO2H: Et3SiH for 9:1 CF3CO2H: CF3SO3H. 
Polyamide 5: MS (MALDI-TOF) cald’d for C78H106N25O16S [M+H]
+ 1682.8, found 1682.9. 
ImImPyPy-(R)?-NH2?-ImPyPyPy-(+)-PEG2-Biotin (6) 
Prepared as described for 5. Polyamide 6: MS (MALDI-TOF) cald’d for C81H114N26O16S [M+H]
+ 1737.8, 
found 1737.4. 
Im?ImPy-(R)?-NH2?-Im?ImPy-(+)-PEG2-Biotin (7) 
Prepared as described for 5. Polyamide 6: MS (MALDI-TOF) cald’d for C73H109N26O16S [M+H]
+ 1638.8, 
found 1638.3. 
Im?ImPy-?-Im?ImPy?-(+)-PEG2-Biotin (8) 
Prepared as described for 1, omitting entirely the CF3CO2H deprotection step. Polyamide 8: MS 
(MALDI-TOF) cald’d for C72H105N25O17S [M+H]
+ 1624.8, found 1624.6. 
ImPy?Im-(R)?-NH2?-PyImPyPy-(+)-PEG2-Biotin (9) 
Prepared as described for 1. Polyamide 9: MS (MALDI-TOF) cald’d for C74H106N25O16S [M+H]
+ 1632.8, 
found 1633.2. 
ImPy?Im-(R)?-NH2?-PyImPyPy-(+)-PEG2-Biotin (10) 
Prepared as described for 5. Polyamide 10: MS (MALDI-TOF) cald’d for C74H106N25O16S [M+H]
+ 1632.8, 
found 1632.9.
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Complete structures for polyamides used in this study. 
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Schematic for kinetic assay of polyamide-DNA dissociation.  
dsDNA oligo gain in fluorescense
(FITC) polyamide
sequestered
loss in fluorescense
FITC NH
+
3
FITC NH
+
3
FITC NH
+
3
SDS
B
A
0 1000 2000 3000 4000
0.00
0.25
0.50
0.75
1.00
polyamide + oligo + SDS
polyamide + oligo (no SDS)
polyamide + SDS  (no oligo)
time (s)
FITC NH
+
3
C
0
500000
1000000
1500000
2000000
2500000
500 510 520 530 540 550 560 570 580 590 600
1000 nM
750 nM
500 nM
200 nM
100 nM
50 nM
20 nM
0 nM
wavelength (nm)
flu
or
es
ce
nc
e 
(R
FU
)
 
(a) General scheme. Polyamide-FITC conjugates generate an increase in fluorescence upon DNA 
binding.6, 7 Treatment of this fluorescent polyamide-DNA complex with SDS results in sequestration of 
the polyamide upon dissociation,4 resulting in a loss of fluorescence signal which can be used to follow 
dissociation kinetics.  
 
(b) Fluorescence enhancement of a FITC-labeled analogue of polyamide 4 (4-F) upon treatment with 
DNA.  
 
(c) Controls showing the fluorescence signal of polyamide 4-F is photostable over >1 hr under the 
fluorescence analysis conditions in the presence or absence of SDS or DNA (yellow/blue plots). In 
contrast, the fluorescence of a pre-formed polyamide-DNA complex readily decreases upon SDS-
treatment (red plot). 
? ???
Steady state fluorimetry. Fluorescence spectra were measured with a Jobin Yvon/SPEX Fluorolog 
spectrofluorimeter (Model FL3-11) equipped with a Hamamatsu R928 PMT. Samples were excited at 
492 nm using 2 nm emission and excitation slits. Fluorescence was measured from 500 to 600 nm at 
room temperature. All measurements were performed in TKMC buffer (10 mM Tris-HCl [pH 7.0], 10 mM 
KCl, 10mM MgCl2, and 5 mM CaCl2). The concentration of polyamide-FITC conjugate was 1 μM in a 
total volume of 1 mL. Fluorescence enhancement was measured by serial titration of pre-annealed 
duplex DNA (0-1000 nM), as illustrated in the schematic for the kinetic assay (above). 
 
Kinetic analyses. Dissociation kinetics (koff) of polyamides 3-4, 7, and 9-10 were estimated by 
monitoring loss of fluorescence of their cognate FITC-conjugates (structures listed below) using the 
SDS sequestration technique of Crothers.8 Solutions of polyamide (1 μM) and duplex (1 μM) were 
prepared in TKMC buffer and allowed to equilibrate for 1 hr. Dissociation reactions were initiated by 
quick addition of SDS to a final concentration of 2%, followed by initiation of fluorescence 
measurements. Samples were excited at 492 nm using 2 nm emission and excitation slits and 
monitored for fluorescence emission at 518 nm over a period of 1-2 hrs. No significant photobleaching 
of the polyamide-FITC conjugates was observed over this time period (see schematic above). Note that 
this method does not utilize stop-flow instrumentation, and is therefore limited to the accurate 
estimation of koff values slower than ~0.1 s
-1. Zero values for fluorescence of completely dissociated 
ligands were obtained by adding a mismatch DNA duplex (1 μM) to a solution of polyamide (1 μM) and 
SDS (2%) in TKMC.  Fluorescence decay data was normalized to maximal and fluorescence values 
and analyzed via non-linear regression analysis using Graphpad Prism software. Values represent 
fitting to a single-order exponential decay model using the equation A = Aoe
-kt. 
? ???
Structures of polyamide-FITC conjugates used in kinetic assays. 
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Melting temperature analysis. 
Melting temperature analysis was performed on a Varian Cary 100 spectrophotometer equipped with a 
thermo-controlled cell holder possessing a cell path length of 1 cm. An aqueous solution of 10 mM 
sodium cacodylate, 10 mM KCl, 10 mM MgCl2 and 5 mM CaCl2 at pH 7.0 was used as analysis buffer. 
Oligonucleotides (0.1 mM stock solutions dissolved in 10 mM Tris-Cl, 0.1 mM EDTA, pH 8.0) were 
purchased from Integrated DNA Technologies. DNA duplexes and hairpin polyamides were mixed to a 
final concentration of 1 μM and 1.2 μM, respectively, for each experiment. Prior to analysis, samples 
were heated to 90 °C and cooled to a starting temperature of 25 °C with a heating rate of 5 °C/min for 
each ramp. Denaturation profiles were recorded at ? = 260 nm from 25 °C to 90 °C with a heating rate 
of 0.5°C/min. The reported melting temperatures were defined as the maximum of the first derivative of 
the denaturation profile, and represent the average of two independent measurements. All melting 
temperature shifts (?Tm) are calculated relative to a standardized naked control oligonucleotide. 
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Supplementary Tables 
Polyamide
5’-GGT AGCGCT ACC-3’
forward
koff / s -1
specificity
(forward/reverse)
0.0062(±0.001) 
0.00013(±0.00003) 
0.1
146
t 1/2 /s
5’-GGT ACGCGT ACC-3’
reverse
koff / s -1
0.00059(±0.0001) 
0.0019(±0.0002) 
t 1/2 /s
5224
113
358
1182NH
+
3
4-F
FITC
NH+37-F
FITC
K (est)a  / M-1 K (est)a  / M-1
1.6x109 1.7x1010
7.5x1010 5.2x109
* K (est) = K  values based on an association rate constant of 10  M  s for hairpin polyamides as estimated by Crothers et al.a
7
a
-1 9
 
Table S1: Kinetic values and estimated Ka values 4 and 7.
5 
? ???
Polyamide
5’-GGT AGACGT ACC-3’
match
koff / s -1
specificity
(match/mismatch)
0.0030(±0.001) 
>0.1 
0.0028(±0.0001) 
2.7
-
31.2
t 1/2 /s
5’-GGT AGACAT ACC-3’
mismatch
koff / s -1
0.0080(±0.0003) 
>0.1 
0.088(±0.004) 
t 1/2 /s
-
235
247
-
86
8
K (est)a  / M-1 K (est)a  / M-1
3.4x109
3.6x109
<108
1.3x109
1.1x108
<108
NH+3
3-F
FITC
NH+3
9-F
FITC
NH+3
10-F
FITC
* K (est) = K  values based on an association rate constant of 10  M  s for hairpin polyamides as estimated by Crothers et al.a
7
a
-1 9
 
Table S2: Kinetic values and estimated Ka values 3, 9, and 10 
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Supplementary Figures 
A
R = 0.979
2
1
NH B
+
3
Enrichment ratio - run 1
B
8
10
12
14
0
2 4 6 8 10 120 14
E
nr
ic
hm
en
t r
at
io
 - 
ru
n 
2
2
4
6
Enrichment Enrichment
Number Sequence ratio (run 1) ratio (run 1)
1 TGAACAA 12.03 12.816
2 TGTACAA 9.11 9.527
3 GTGAACA 8.645 9.398
4 AGTACAA 8.558 9.146
5 TGTTCAA 8.448 9.199
6 ATGTTCA 7.874 8.275
7 ATGAACA 7.83 8.177
8 CAGTACA 7.635 8.049
9 ATGTACA 7.033 7.234
10 AGTACAT 7 7.423
11 CTTGTAC 6.597 6.911
12 CTGTACA 6.271 6.514
13 TAGTACA 6.24 6.719
14 CGTGAAC 5.825 6.355
15 GTACATA 5.716 5.798
16 TAGTTCA 5.685 6.441
17 GTGTACA 5.625 6.025
18 CTGAACA 5.569 5.695
19 TGATCAA 5.465 5.4
20 GTACAAA 5.458 5.475
21 GAACAAA 5.452 5.395
22 CTTGTTC 5.133 5.336
23 AGTACTA 5.09 5.696
24 AAGTACA 5.084 5.244
25 CATGAAC 5.08 5.228
26 CTTGAAC 5.032 5.456
27 GTACAAC 5.013 5.475
28 CATGTAC 4.98 5.099
29 GTGTTCA 4.933 5.382
30 GAACAAC 4.849 5.228
31 CTGTTCA 4.819 5.126
32 AGAACAA 4.638 4.634
33 AGTACTG 4.636 5.028
34 GTACTGA 4.622 5.025
35 AGTTCAA 4.554 4.899
36 ATGATCA 4.501 3.314
37 GAGTACA 4.472 4.916
38 GTTCATA 4.439 4.691
39 ATTGTAC 4.367 4.562
40 GAACATA 4.28 4.379  
Figure S1. Correlation between Bind-n-Seq replicates. (a) Identity and relative enrichment of 6-base 
pair kmers enriched by polyamide 1 in two separate Bind-n-Seq experiments. Only the top 40 kmers 
are shown. (b) Graphical correlation of enrichments obtained between Bind-n-Seq replicates. 
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Figure S2. (a) Correlation between footprinting data, CSI data, and high-throughput sequencing data 
from this study. (b) Graph of footprinting-derived Ka versus Bind-n-Seq sequence counts for 1.10-12 (c) 
Graph of CSI microarray intensity versus Bind-n-Seq sequence counts for 1.13 
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Figure S3. (a) Correlation between footprinting data, CSI data, and high-throughput sequencing data 
from this study. (b) Graph of footprinting-derived Ka versus Bind-n-Seq sequence counts for 2.14 (c) 
Graph of CSI microarray intensity versus Bind-n-Seq sequence counts for 2.14 
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Figure S4. (a) Correlation between footprinting data and high-throughput sequencing data from this 
study. (b) Graph of footprinting-derived Ka versus Bind-n-Seq sequence counts for 3.15  
? ???
 
Figure S5. (a) Correlation between footprinting data, CSI data, and high-throughput sequencing data 
from this study. (b) Graph of footprinting-derived Ka versus Bind-n-Seq sequence counts for 5.16 (c) 
Graph of CSI microarray intensity versus Bind-n-Seq sequence counts for 5.16 
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Figure S6. (a) Correlation between footprinting data and high-throughput sequencing data for two 5?-
WGGWCW-3? targeting polyamides from this study (6 and 11). (b) Graph of footprinting-derived Ka 
versus Bind-n-Seq sequence counts for 11.17 
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primary motif
E-value 2e-4591
secondary motif
E-value 4.5e-238
primary motif
E-value 2.1e-3446
secondary motif
E-value 3.2e-969
NH B +3
NH B
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3
minor groove occurences 
tetranucleotide width (Ao) in lit structure
GTTC 5.5 31 protein-bound
GTAC 5.5 5 free
GATC 4.1 1 free
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Figure S7. Primary and secondary motifs discovered during Bind-n-Seq analysis of 1 and 5. Both 
motifs constitute match sites. Minor groove widths are taken from a compilation of experimental data 
found in reference 37 of the main text. 
? ???
A
B
Pairing Rules Derived
Polyamide sequence
total genomic 
sites bp per site** promoter*** 5'-UTR exon intron 3'-UTR intergenic CpG Island Other
overall 
promoters
1 WGWWCW 15065329 199 0.6% 0.0% 1.5% 38.3% 0.4% 58.4% 0.1% 0.8% 91568
2 WTWCGW 15031 199588 2.1% 0.1% 3.7% 41.7% 1.5% 49.6% 0.6% 1.5% 309
3 WGWCGW 1556419 1928 1.8% 0.1% 3.9% 38.6% 0.6% 54.1% 0.9% 1.0% 27304
4 WGCGCW 389074 7711 4.5% 0.3% 6.0% 38.6% 0.7% 48.7% 3.5% 1.2% 17398
5 WGGWWW 32243323 93 0.7% 0.0% 1.3% 37.8% 0.4% 59.1% 0.1% 0.7% 210014
6 WGGWCW 13017190 230 0.9% 0.0% 2.0% 38.8% 0.5% 56.9% 0.9% 0.9% 114523
* searched at 0.99 stringency cutoff
** based on 3x109 bp genome
***  promoter defined as +1000 bp from TSS based on RefSeq annotations
Bind-n-Seq Derived
Polyamide sequence*
total genomic 
sites bp per site** promoter*** 5'-UTR exon intron 3'-UTR intergenic CpG Island Other
overall 
promoters
1 WGTWCW 5539103 542 0.6% 0.0% 1.5% 37.5% 0.0% 59.2% 0.1% 0.8% 32329
2 WTACRW 4391094 683 0.7% 0.0% 1.5% 36.8% 0.4% 59.9% 0.1% 1.5% 29064
3 WGWCRW 20014437 150 0.6% 0.0% 1.2% 37.6% 0.4% 59.4% 0.1% 1.0% 119865
4 WCGYGW 788748 3803 1.9% 0.1% 2.6% 39.5% 0.6% 54.4% 1.3% 1.2% 14948
5 WGGTWW 13117496 229 0.6% 0.0% 1.2% 38.4% 0.4% 58.6% 0.1% 0.7% 81582
6 WGGWCW 9525151 315 0.9% 0.0% 1.9% 39.3% 0.5% 56.5% 0.2% 0.9% 84356
* searched at 0.95 stringency cutoff to allow for more genomic hits
** based on 3x109 bp genome
***  promoter defined as +1000 bp from TSS based on RefSeq annotations  
Figure S8. Occurences of match sites for polyamides 1-6 in the human genome, and correlation with 
genomic features. (a) Polyamide match sites inferred from pairing rules. (b) Polyamide recognition 
motifs taken from Bind-n-Seq analysis. Percentages represent the percent of total polyamide binding 
sites that lie within a given genomic feature (i.e. 5?-UTR region). Analyses were performed using the 
ChIP-Seq analysis tool HOMER (http://biowhat.ucsd.edu/homer/).18 
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Figure S9. Literature quantitative footprinting-derived Ka values supporting optimal placement of ?-
alanine in Py-Im polyamides for (a) specificity and (b) affinity. (c) Evaluation of Im placement in 
heterocyclic core sequences of polyamides 1-6. N-terminus of each polyamide is labeled with an “N.” 
? ???
 
Figure S9. Effect of biotin placement and ?-alanine tail on primary motif discovered during Bind-n-Seq 
analysis. 
? ???
 
Figure S10. E-values generated from DREME for motifs discovered in this paper. 
? ???
Supplementary Schemes. 
 
General scheme for synthesis of polyamides evaluated in this paper. Polyamides were synthesized on 
Kaiser-oxime resin or ?-PAM resin as previously described.2-4 
? ???
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